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INTRODUCTION 
It has long been recognized that a lawn of good quality adds greatly 
to the esthetic value of an area. It has been estimated that turf 
production in the United States in 1965 was a 4 billion dollar business. 
This estimate includes such facilities as home lawns, highway rights-of-
way, cemeteries, golf courses, parks, school grounds, airports, churches, 
and other public and private property. 
Increased usage of nearly all public and many private recreational 
facilities bas posed new problems to those persons involved in maintaining 
good turf. A higher quality turf is also being demanded by the public. 
In the field of turf management, as in other fields of argiculture, 
maintenance and cultural practices influence plant production. Turfgrass 
managers place more emphasis on maintenance and cultural factors than is 
common in most other agricultural fields. Maintenance problems previously 
considered of minor importance are reaching the critical point in some 
instances. One aid currently used is the application of surfactant& or 
wetting agents to turfgrass. These materials are said to increase water 
penetration in areas of heavy thatch or where soils are compacted, 
increase soil moisture so irrigation intervals may be increased, and make 
grass more resistant to drouth. They may also be used to prevent dew 
formation, increase root growth, and aid in seed germination and other 
growth processes where water availability is sometimes limiting. 
2 
There has been insufficient research on this subject to understand 
how these surfactant& work and in what ways they aid the plant. Emphasis 
on turf aeration has previously been on mechanical methods or use of 
various "soil" mixes. Since golf greens are the most commonly compacted 
and thatched areas encountered, it is important they be used in the study. 
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PURPOSE OF STUDY 
Very little research has been conducted on the effects of surfactant& 
applied to turfgrass. It has been frequently illustrated that surfactant& 
can greatly decrease the surface tension of a liquid. However, the actual 
effect that a surface tension reduction has on water applied to soil 
remains unknown. The surfactant also may have a direct effect on plant 
growth. It has been reported that surfactant& may inhibit root growth 
and development in aqueous solutions. with the degree of inhibition or 
injury varying considerably among surfactants. Since the soil is a 
complex and "living" media, the effect of the surfactant on plant growth 
may be altered greatly. 
The purpose of this study was to determine the effects of different 
surfactant& and levels of surfactants on the growth of turfgrasses. These 
determinations were made using an experimental bentgrass putting green 
maintained under simulated playing conditions in the field, and solution 
culture techniques and plastic pots of soil in the greenhouse. 
It was suspected that surfactant& might increase foliar growth and 
drouth resistance of turfgrass gr~~ under simulated play conditions in 
the field. This was based primarily on the claims of the manufacturer 
and reports from golf course superintendents who had used the materials. 
It was also suspected that some suppression of growth of grass in solution 
culture would be observed, based on a literature review of the subject. 
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REVIEW OF LITERATURE 
Surfactants, Wetting Agents, and Detergents 
Surfactants have been on the market for use on turfgrass for several 
years. The manufacturers claim that by applying their surfactants, plants 
~ 
will develop a deeper and more fibrous root system, watering time will be 
decreased, water run-off will be decreased, wilting will be reduced, need 
for syringing will be reduced, turf will be more resistant to winter 
damage, it will make turf tougher, and during wet weather, greens will 
drain better. The extent to which these claims are fulfilled by the 
product are relatively unknown. Various golf course superintendents 
throughout the country are using some form of surfactant on their greens. 
Their opinions as to the actual benefit from them are varied. 
Latey, Pelishek, and Osborn (8) working on infiltration rates of 
water into sand columns found that a surfactant reduces the surface 
tension of a liquid. Capillary forces are importan.t when water first 
enters the soil and this is what the surfactant& effect. Decreasing 
surface tension decreases capillary force, but at the same time, a 
decrease in the contact angle increases the force. The extent of this 
antagonism is altered by the surface to be wet. If the surface to be 
wet is water resistant, the reduction 1.n the contact angle between the 
liquid and the surface to be wetted may offset the decrease in capillary 
force. Latey, Welch, Pelishek, and Osborn (9) also found the variation 
in water infiltration with a commercial surfactant depended on the amount 
of water applied. 
s 
Work has been conducted concerning the infiltration rate of water 
into soil using chemicals (8), this work disregarded possible adverse 
effecta on vegetation, should any exist. Of the three chemicals used, 
a calcium salt of vinyl acetate-maleic acid doubled the amount of liquid 
absorbed as compared to the untreated areA. Ammonium lignin sulfonate and 
wood sugars gave an infiltration rate 3.5 times greater than the untreated 
area. A ferric ammonium organic complex did not increase the rate sub-
stantially. Present detergents appear to have little effect on infiltra-
tion rate over a prolonged period. Surfactant• and chemical• may possibly 
be leached down to eliminate the clogging material in less pervious 
boggings. In no instance did the chemically treated area of soil increase 
the infiltration rate as much as did well-established Bermuda grass which 
allowed 4 to S times the amount of water to enter as did the untreated 
area. 
Schwartz and Perry (18) gave a description of a material similar 
to some of the anionic surfactant& marketed today. Its trade name was 
Krilium. These water soluble polymers act by their extending polymer 
chains linking clay particles together by absorption at two or more 
points via ester formation or hydrogen bonding of hydroxyl or amino 
groups. These particles pack loosely in the eoil, improving the water 
holding capacity, aeration, friability, resistance to crushing, and 
erosion resistance. The advantages are most apparent with dry high 
clay soils. 
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One direct benefit of treated soil was the increased yield of vege-
table crops. These increased yields were probably due to faster and 
more complete germination of seeds, faster plant growth, increased root 
formation, and earlier maturity of plants. 
Even when nutrient uptake was greatly improved the concentration of 
nutrients in plant tissues remains unchanged. Treated soils were easier 
to plow and dig, required less disking, and harrowing after plowing. 
Treatments remained effective for 2 1/2 years. However. the treated soil 
was more subject to wind erosion. 
To be effective it was necessary to apply the material at a rate of 
.02% of the soil weight to a depth of 6 inches. This would amount to 
approximately 400 lbs. per acre furrow slice. 
Surfactants were initially used to enhance the penetration and 
effectiveness of foliar-applied herbicides, defoliants, and insecticides 
by the reduction in the surface tension of aqueous systems. More 
recently, however, many surfactant& have been used as wetting agents in 
biological systems in which researchers were studying such complex and 
rather 111-def.ined phenomena as the biosynthesis of nucleic acids, floral 
induction, abscission, translocation, and photoperiodicity (13). 
Although the primary purpose in the use of surfactants in biological 
systems is to reduce the surface tension of an aqueous solution. there is 
increasing evidence that some surfactant& are also capable of exerting 
biochemical effects of considerable subtlety. McWhorter (lla) observed 
that a number of ethoxylated non-ionic surfactant& enhanced the 
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phytotoxicity of Diuron on crabgrass in aqueous spray mixtures. 
Surfactant& caused substantial increases in Diuron toxicity, regardless 
of the volume of dilutent or amount of Diuron. Increasing the surfactant 
concentration from 0.06% to 1.0% caused greater increases in injury with 
lower concentration of Diuron than with htgher concentrations. Staniforth 
and Loomis (20) also observed that the major effects of surfactants upon 
herbicidal activity were to be found in the concentration range beyond 
which the maximum changes in surface and interfacial tension occur. 
Gast and Early (5) reported that they observed phytotoxicity appar-
ently resulting from solvents and emulsifiers used in insecticide sprays. 
Furmidge (4) observed that for anionic and non-ionic surfactants, as the 
concentration is increased, there is an increase in the ability of the 
surfactant& to solubilize water-insoluble materials such as cutin. They 
can apparently dissolve oils and waxes and remove large areas of wax from 
leaf surfaces, thus enhancing surfactant penetration of the cuticle, 
resulting in phytotoxic effects. 
The response of wheat roots to surfactants in solution was studied 
by Prill, Barton and Solt (15). Thirteen different surfactants were 
uaed, representing the non-tonics, the anionics, the cationics, and two 
soybean phosphatides. The commercial agents of the non-ionic type and 
the soybean phosphatides showed little effect except at very high concen-
trations, at which they were slightly inhibitory to root elongation. 
Twenty-two different non-ionic surfactant& studied by Parr and Norman 
(14) were shown to repress the elongation of the primary root of cucumber 
8 
seedlings at 0.01%. Higher concentrations were progressively more 
inhibitory and repressed the normal development of root hairs and lateral 
roots. Potassium uptake by excised barley roots was found to be re-
pressed by Tween 20 and Tween 80 at concentrations of 0.01%. Buchanan 
(2) tested 70 surfactant& of the non-iontc type. Within the group, 
members were observed which exhibited various levels of toxicity ranging 
from extremely toxic effects to relatively non-toxic effects. 
Physical Chemistry of Surfactants 
Surface tension is defined as that property, due to molecular 
forces, which exists in the surface film of all liquids and tends to 
bring the contained volume into a form having the least superficial area 
(21). Particles lying below this film, being equally acted on from all 
aides, are in equilibrium as to forces of cohesion, but those in the film 
are on the Whole attracted inward, and tension results. 
According to Crockford and Knight (3), there are two types of 
attractive forces existing in liquid and liquid-solid systems. In 
systems of only one component, attractive forces operate only between 
like molecules, this type of attraction is termed cohesion. 
The term adhesion is used in connection with attractive forces 
operating between unlike molecules. Adhesive forces exist between water 
molecules and glass and between water molecules and a clean metal sur-
face. As a result, water forms a film over glass and metal, the process 
being spoken of as wetting. 
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Another manifestation of surface tension is shown by the manner in 
which water droplets tend to take a spherical shape on a waxed surface, 
for example, on a freshly waxed automobile body. Since the adhesive 
forces operating between the wax and the water molecules are small compared 
to the cohesive forces between water mole~ules, the surface tension effect 
produces the spherical droplets and prevents a general wetting of the sur-
face. 
The high surface tension value of water is probably due to association 
produced by the action of the hydrogen bonding (3). Glycerol and glycol 
also have large values, probably because of the hydroxyl groups. 
The surface tension of all liquids decreases with rise in temperature. 
The surface tension of water between 20° and 30° C changes by an average 
value of 0.16 dyne per em. per degree. Values of the same order of 
magnitude are found for other substances. 
The effect of an added substance on the surface tension of a liquid 
depends on the chemical nature of the added component. Many organic 
substances, such as soaps, alcohols, acids, and especially the so-called 
surface active compounds will, when added to water in small amounts, 
produce a solution which has a surface tension far below that of water. 
It is this lowering of the surface tension of water by soap that makes 
possible the stretching of the water film in the formation of a soap 
bubble. The action of a surfactant depends to a great extent upon the 
fact that they lower the surface tension of the water, making it possible 
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for the adhesive forces to produce a water film over the surface of the 
object to be wetted. 
The same general concepts apply to liquid-liquid interfaces. The 
surface tension between a pair of liquids is termed the interfacial 
tension. The detergent action of soap ana other cleaning agents is due 
to the lowering of the interfacial tension between the water and the oil 
or greasy material to be removed. 
Hammett (6) contends that in a solution, those molecules between 
which the intermolecular forces are relatively weak tend to concentrate 
in the surface layer, and this leads to lower surface energy. For the 
replacement in the surface layer of a molecule which exerts a strong 
force of attraction on its neighbors by one which exerts a weak force 
must have an effect in the same direction as the removal of a molecule 
from the surface. Consequently there is a tendency for the surface 
tension of the solution to approach that of the component of lower sur-
face tension. For the same reason, such a molecule as octyl alcohol 
dissolved in a hydrocarbon will concentrate at the interface between 
the hydrocarbon solution and water and will lower the interfacial tension. 
The effect may be very large even with small concentrations of the 
material of low surface or interfacial tension. Thus the addition of 
0.002 moles per liter of sodium oleate to water lowers the surface tension 
from 72 to 2S dynes per em. 
It is generally recognized that the over solubility of non•ionic 
detergents depends on the extent of hydration of the hydrophilic portion 
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through the formation of hydrogen bonds between the ether oxygene and 
water molecules. Non-ionic detergents orient at the air/water interface 
with the hydrophobic groups above the interface and the ethylene oxide 
chains forming coils in the aqueous phase. The size of the coils 
increases with increasing number of chain ~ segments (18). 
Methods of Measuring Surface Tension 
Surface tension is measured in dynes per centimeter. A dyne is 
defined as the net force that will give a mass of 1 gram an acceleration 
of 1 cm./sec.2 
Brey (1) describes a method of measuring surface tension by 
determining the force necessary to pull a platinum ring out of the 
surface of the liquid. This is conventionally done with the du Nouy 
tensiometer. The ring is held by two liquid surfaces, one inside the 
ring and the other outside. The average length of the two films is 
equal to the circumference of the ring, and the force which can be 
applied to the ring-liquid interface is equal to twice the circumference 
multiplied by the surface tension. This method is quite rapid and with 
the aid of empirical corrections based on temperature, shape of the 
liquid held up, and radius of the wire of which the ring is formed, 
accurate results can be obtained. 
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Industrial Information on Surfactant& 
Typea £! chemicals 
Surface active agents (surfactant&), fall into three classes: 
cationic, anionic, or non-tonic depending upon their ionization or lack 
of ionization in solution. ' If the molecule tends to ionize, the surface 
active agent is either cationic or anionic. When the surface active 
agent does not ionize in solution, it is classed as non-ionic (lOb). 
The anionic surfactant& are compatible with other anionics and non-
tonics. However, they are not normally compatible with, and are 
frequently precipitated from solutions by cationic materials and by 
certain inorganic cations such as aluminum, calcium, magnesium, etc. 
with which they combine to form compounds having little or no surface 
1 activity. 
Cationic surfactant& are not compatible with anionics and certain 
inorganic salts. They may be precipitated or inactivated in the presence 
of high concentrations of phosphates, sulfates, carbonates, etc. Unique 
effects not obtainable with other types of emulsifiers result from use of 
1 cationic agents. 
The non-tonic surfactant& do not ionize in solution, but owe their 
surface activity and water solubility or dispersibility to non-ionized 
polar groups within the molecule such as hydroxyl or ether linkages. 
Ethylene oxide condensates of amides and fatty acids belong to this 
1 
Armour Industries Chemical Company, Chicago, Illinois. 
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group. Such surfactant& have the advantage of being compatible with 
anionics, cat1on1cs, and other non-tonics and are not precipitated or 
inactivated by most inorganic 1ona.1 
A surface active agent is formed by combining a water-soluble 
chemical group with an oil-soluble group !n such a way that the resultant 
product exhibits "surface activity" by lowering surface tension or by 
reducing interfacial tension. Because of the specialized structure of 
the surfactant molecule, it will migrate toward and concentrate at a sur-
face (liquid-liquid, liquid-gas, or liquid solid, as the case may be). 
In an emulsion, the emulsifier (a surface active agent) prevents 
coalescence of the dispersed droplets by virtue of the oil-soluble 
portion of the emulsifier molecule extending into the oil phase and the 
1 water-soluble portion into the water phase. 
Surface active agents vary in water solubility and ease of handling. 
Some of the structures controlling these factors are: (1) the more 
unsaturated the fatty portion of the molecule, the lower the melting 
point of the product; (2) increasing the polyoxyethylene chain tends to 
increase the water solubility of the molecule; (3) increasing the number 
of catbon atoms in the fatty portion of the molecule tends to produce a 
material with a higher melting point as well as to decrease the water 
1 aolubility of the molecule. 
The following are some of the types of compounds constituting non-
ionic forms of wetting agents and detergents: Alkyl polyoxyethylene 
1 Armour Industries Chemical Company, Chicago, Illinois. 
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ether, alkyl polyether alcohol, polyethonolamine condensate of fatty acid, 
oleic diethanolamide, polyoxyethylene deriuatives and blends with alkyl 
aryl sulfonates, mono and di-glycerides of fat forming fatty acids, long 
chain fatty alcohol ethylene oxide adduct, etc. (lOb) • 
.!!!.!. .2! chemicals 
One of the manifestations of surface activity in a chemical is its 
ability to lower the surface tension of water when dissolved or dispersed 
therein. The greatest surface tension lowering in water is found in the 
compounds having the least number of moles of ethylene oxide added. It 
should be noted that surface tension lowering is not in itself a measure 
of all types of surface activity. There is no direct relationship between 
surface tension lowering and wetting action and almost no correlation with 
detergency or emulsifying ability. 
The diversity and specialized characteristics of surfactant& have 
made them invaluable in numerous industries: textiles, cosmetics, agri-
cultural chemicals, metal working, leather treating, paints, and in many 
other chemical specialties. 
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PART I. FIELD STUDY 
--~~-
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PURPOSE OF STUDY 
The objective of this experiment was to determine the effect of 
different surfactant& and levels of surfactants on the growth of turf-
grass. Levels used were below. including, and above the manufacturers 
~ 
recommendation. The treatments were applied to three bentgrasses 
maintained under simulated golf course putting green conditions. 
Growth of the grass was measured quantitatively• visual observations 
were made on such items as drouth resistance, heat tolerance. disease 
resistance. dew formation. and overall color and appearance of the 
turf. 
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MATERIALS AND METHODS 
Establishment 
The putting green used in the experiment was located at the Iowa 
State University Horticultural Farm. The soil was Nicollet clay loam. 
~ 
The total established green covered approximately 5.000 square 
feet. Of this about 1/3 was A&rostis paluatria Buds. (Seaside Creeping 
Bentgrasa). 1/3 Asrostis tenuis Sibth. (Astoria Colonial Bentgraas). 
and 1/3 Agrostia palustfi& Buds. (Penncross Creeping Bentgrass). An 
area 30 feet by 30 feet was laid out on each grass. Each area was 
divided into 36• 2 1/2 foot by 10 foot plots (Figure 1). The three 
sections were mowed at 1/4 inch while the remaining border was mowed at 
3/4 inch. Applications of Ortho turf fungicide were made as needed to 
control dollarspot and other diseases. while chlordane was used for 
inaect control. The entire area received 10 pounds of nitrogen per 
1.000 square feet per year in the form of Urea-formaldehyde resin 
(Nitroform). This was applied in four increments during the growing 
season; 7.5 pounds of actual material in late April• 7.5 pounds in early 
June. 4 pounds in early August. and 7.5 pounds in mid-September. 
After all harvests were completed. the entire green was topdressed 
twice. Topdressing was delayed until after all harvests were completed 
in order to prevent soil and other topdressing material from contaminating 
tissue samples. 
18 
Figure 1. Field plot layout 
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Treatments 
Treatments consisted of four surfactants applied at four rates: 
1 "Aqua-Gro", a 50-50 mixture of polyoxyethylene esters of cyclic acids 
and polyoxyethylene ether of an alkylated phenol, "All-Wet", 2 a non-
ionic surface active agent belonging to t~e class of alkylphenoxypoly-
oxyethylene ethers, "Pro-Green",3 a mixture of aryll-alkyll polyglycol 
ethers, and "Solar 25" Liquid Concentrate,4 a coconut oil fatty acid 
amine condensate and a special amine sulfonate. Rates of application 
were based partially on manufacturers recommendations. However, since 
recommended rates did not coincide, a range of rates was used that 
included the approximate recommendation for each material. The rates 
used weres 0.5, 2, 8, and 32 ounces per 1,000 square feet per month. 
During the growing season six applications were made beginning May 1, 
1965 and ending October 7, 1965. The high rate was included to see if 
any adverse or detrimental effects would be encountered if 4-16 times 
standard rates were used. The treatments were applied using a Hayes lawn 
proportioner (ratio 15&1) (Figure 2). This provided approximately 100 
gallons of water per 1,000 square feet per treatment (0.16 inches). All 
check plots received an equal volume of water at the time of treating. 
1 Aquatrols Corporation of America, Camden, New Jersey. 
Zw. A. Cleary Corporation, New Brunswick, New Jersey. 
3 Firewater Company, Los Altos, California. 
4swtft and Company, Chicago, Illinois 
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Figure 2. Method of applying surfactant& 
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Methods of Observation 
Growth response of the grass was recorded using fresh and dry weights 
of foliage. Plots were clipped across the ends with a 22-inch standard 
greens mower and a sample was harvested from the center of the remaining 
6 foot by 2 1/2 foot area with a 16-incb !ansomes hand operated greens 
mower (Figure 3). Samples were weighed fresh and were then dried in a 
forced air oven at 10• c. After allowing adequate time for drying, samples 
were again weighed. 
After dry weights were recorded, samples from the June, August, and 
October harvests were ground in a Wiley Mill using a 40 mesh screen. These 
samples were then sent to The Ohio State Agricultural Experiment Station, 
Wooster, Ohio, for spectrographic analysis. K, P, Ca, Mg, Mn, Pe, B, Cu, 
Zn, Al, Sr, MO, Co, Na, Si, and Ba contents were determined for each sample. 
The first, middle, and last harvests were selected to determine differences 
in mineral content of the foliage due to treatment or level of surfactant 
during the growing season. 
Upon inspection of the data it was noted that the non-essential 
elements included in the foliage did not show any trends or abnormal 
levels and were therefore excluded from the statistical analysis. 
Statistical analysis was carried out only on those elements that are 
known to be essential for plant growth. 
Visual observations were taken throughout the growing season. These 
observations were made during such conditions as excessive rainy periods, 
22 
Figure 3. Method of harvesting foliage samples 
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extremely hot and dry periods during late August, and cool dry periods 
during the fall. 
Statistical Design 
The bentgrasa plots were laid out in a randomized block deaign, with 
two replicates on each of three grasaes. Fresh and dry weight foliar 
yields and mineral content of the foliage we.re subjected to statistical 
analysis. Differences in results described in this paper were significant 
at the 5% level or higher. The "F" test as described by Snedecor (19) was 
used to determine which of the treatment effects were significant. The 
model used in the analysis of fresh and dry weight foliar yields on each 
grass was as follows: 
where c.<; equals the surfactants 
~· equals the levels of surfactants 
(o<tJ,:; equals the surfactant& X levels interaction 
.},.;k equals the associated error term (a) 
~ equals the harvests 
C<><7?....t equals the surfactant& X harvests interaction 
(n):P equals the levels X harvests interaction 
,;;,.;f f equals the associated error term (b) 
The model used in analysis of fresh and dry weight foliar yields for 
all grasses pooled was as follower 
(kPm =A f' <><,; -r~· + f'k t- ~ + (<><.f);.). +(<7-ik l +(f4')kR + (o. f?d);}~ .,.. k ~· j f:} + f""' + 
(o<..1)A. rll _.,.. (11)/<rH + (Yl'h-t + (o<. (Jr);,/(111 r ( d-ft)__,•.ffm -t (e><.flo "-t-)~' Jdm + eA·J/d >n 
where <><; equals the grasses 
~j equals the associated error term (a) 
$~<:, equals the surfactants 
iR equals the levels of surfactant& 
(<><~);k equals the grasses X surfactant& interaction 
where 
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(cx:(}..p equals the grasses X levels interaction 
~~kJ equals the surfactant& X levels interaction 
(~ n ).kR equals the grasses X surfactant& X levels interaction 
K,jkY equals the associated error term (b) 
J-m equals the harvests 
~~~m equals the grasses X harvests interaction 
(~V~m equals the surfactant& X harvests interaction 
~n~ m equals the levels X harvests interaction 
(~~VAkm equals the grasses X turfactants X harvests interaction 
~o/)~J~ equals the grasses X levels X harvests interaction 
~f ~17~u m equals the grasses X surfactants X levels X harvests 
interaction 
E ~·J k 12 m equals the associated error term (c) 
The model used in the chemical analysis was as follows& 
o.(~ 
,B,-
.§,·;k 
(o<..P)~"d 
IR 
(ci..l-);,f 
(f3 -r-).:,1 
e: _.'j k-R 
equals the surfactant& 
equals the levels of surfactants 
equals the associated error term (a) 
equals the surfactant& X levels interaction 
equals the harvests 
equals the surfactants X harvests interaction 
equals the levels X harvests interaction 
equals the associated error term (b) 
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RESULTS AND DISCUSSION 
Growth Response to Surfactant• 
Harvests were taken on June 9, July 7, August 6, September 8, and 
October 15. For each harvest, fresh and dry weight foliar yields were 
~ 
recorded for each grass (Tables 1 and 2). Foliar yields fluctuated 
constantly during the growing season (Figure 4). However, all fluctuations 
were consistent for all aurfactants at all levels. There were no 
statistically significant differences between surfactants, levels of 
surfactants, or treatments X control when each grass was analyzed individu-
ally or when all grasses were pooled (Tables 5, 6, 7, 8, 9, 10, 11, and 
12). Significant differences were obtained between harvests for each grass 
but this is to be expected with a plant sensitive to high temperature and 
low humidity. When all grasses were pooled and analyzed, significance was 
obtained between grasses, harvests, and grasses X harvests. However, this 
is not unreasonable due to the ability of different strains of grasses to 
vary in their tolerance of adverse environmental conditions. 
Although visual observations were made continually during the growing 
season, no differences were noted. Visual observations were also continued 
during the late fall, winter, and early spring, to determine the validity 
of one of the claims of the manufacturer that surfactant& increase turf 
resistance to winter injury. As of April, 1966 no differences have been 
expressed. Various turf maintenance personnel have reported both positive 
and negative results from applying surfactant& to golf greens. Therefore, 
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Table 1. Fresh weight yields of bentgrass foliage 
Means of treatments and re2licates 
Treatment Level June 9 Julx; 7 Aus1 6 Se~at 1 8 Oct. 15 
Aqua-Gro 1 47.0a 94.7 30.6 47.5 6.0 
Aqua-Gro 2 43.0 91.2 28.1 46.4 10.7 
Aqua-Gro 3 50.4 107.2 31.2 47.1 10.2 
Aqua-Gro 4 38.8 91.8 '· 33.8 45.2 9.1 
All-Wet 1 47.2 105.8 30.4 51.7 10.1 
All-Wet 2 50.1 100.0 34.8 49.4 10.1 
All-Wet 3 45.3 100.0 28.7 47.0 9.4 
All•Wet 4 41.9 95.7 33.4 46.5 11.3 
Pro-Green 1 42.9 94.5 31.9 43.6 8.6 
Pro-Green 2 45.3 104.2 33.2 46.0 10.5 
Pro-Green 3 46.9 99.3 32.3 44.5 9.4 
Pro-Creen 4 42.0 94.0 28.3 44.6 9.7 
Solar 25 1 47.9 102.8 31.2 44.3 9.3 
Solar 25 2 47.0 101.7 29.8 46.7 10.1 
Solar 25 3 39.9 95.0 34.1 43.5 8.9 
Solar 25 4 42.5 97.8 33.9 44.5 9.5 
Control 0 44.2 92.6 31.6 49.3 12.0 
0 equals the zero level of surfactant (72.8 dynes). 
1 equals the low level of surfactant (65.0 dynes). 
2 equals the medium low level of surfactant (55.0 dynes). 
3 equals the medium high level of surfactant (45.0 dynes). 
4 equals the high level of surfactant (35.0 dynes). 
~arvests represent 5 days accumulation of plant tissue in grams. 
one can only speculate as to the reason for the grass not showing any 
response in this study. Golf greens are normally constructed of a sandy 
aoil "mix", high in sand, moderate to high in organic matter, and low in 
clay. The clay loam, on which the grass was grown for the experiment, 
was low in sand and organic matter and high in clay. Because of the clay, 
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Table 2. Dry weight yields of bentgrass foliage 
Treatment 
Aqua-Gro 
Aqua-Gro 
Aqua-Gro 
Aqua-Gro 
All-Wet 
All-Wet 
All-Wet 
All-Wet 
Pro-Green 
Pro-Green 
Pro-Green 
Pro-Green 
Solar 25 
Solar 25 
Solar 25 
Solar 25 
Control 
Level 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
0 
Means of treatments and replicates 
June 9 July 7 Aug. 6 Sept. 8 
11.9a 
10.8 
12.5 
10.0 
u.s 
12.5 
ll.4 
10.7 
10.8 
11.4 
11.7 
10.6 
11.9 
11.3 
10.3 
10.7 
11.0 
21.0 
21.2 
23.7 
20.8 
23.5 
22.0 
22.2 
21.5 
20.8 
23.2 
22.3 
20.9 
22.4 
22.6 
21.1 
20.5 
21.1 
9.1 
8.0 
8.2 
8.6 
8.8 
9.1 
8.9 
9.8 
8.4 
8.8 
8.3 
7.6 
8.8 
8.3 
9.0 
9.2 
8.9 
9.9 
10.0 
9.7 
10.0 
10.7 
10.4 
9.7 
9.9 
9.3 
9.8 
9.3 
9.6 
10.4 
0 equals the zero level of surfactant (72.8 dynes). 
1 equals the low level of surfactant (65.0 dynes). 
Oct. 15 
3.1 
3.5 
3.3 
3.1 
3.3 
3.2 
3.1 
3.6 
3.0 
3.4 
3.1 
3.1 
3.2 
3.3 
3.1 
3.2 
3.9 
2 equals the medium low level of surfactant (55.0 dynes). 
3 equals the medium high level of surfactant (45.0 dynes). 
4 equals the high level of surfactant (35.0 dynes). 
~arvests represent 5 days accumulation of plant tissue in grams. 
the surfactant may have been bound chemically in the soil. Another 
possible explanation might be the action of soil micro-organisms on 
breaking down or inactivating the surfactants. 
JUNE 9 JlLY 7 
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0 OZ. SURFACTANT /1000 SO. FT. 
2 OZ. SUIIFACTANT 11000 SO.FT. 
4 OZ. SUIIFACTANT/1000 SO. n: 
I OZ. -FACTAHT/1000 SO. FT. 
~ OZ. SURFACTANT 11000 10. FT. 
AIJG.6 
HARVEST DATES 
SEPT.8 OCT.I!S 
Figure 4. Fresh weight foliar yields of bentgrasses. Means of 
levels for all surfactant& and grasses 
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Table 3. Mineral content of bentgrass foliage 
Mineral content % Mineral content PPM Corresponding foliar weights 
Treatment Level K P Ca Mst Mn Fe B . Cu Zn Mo Fresh wt. Drv wt. % Drv Wt. 
Aqua-Gro 
Aqua-Gro 
Aqua-Gro 
Aqua-Gro 
All-Wet 
All-Wet 
All-Wet 
All-Wet 
Pro-Green 
Pro-Green 
Pro-Green 
Pro-Green 
Solar 25 
Solar 25 
Solar 25 
Solar 25 
Control 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
0 
2.238 0.43 0.64 0.33 64 446 29 12 52 3.11 
2.25 0.42 0.55 0.29 61 365 31 10 53 2.03 
2.39 0.45 0.69 0.37 59 362 31 11 60 3.72 
2.3n o.4o o.58 o.3o 56 298 29 10 46 2.63 
2.31 0.43 0.63 0.33 67 313 34 10 53 2.84 
2.29 0.43 0.63 0.34 68 334 27 11 49 2.77 
2.14 0.44 0.58 0.28 60 516 30 10 50 2.34 
2.46 0.44 0.61 0.32 76 349 26 10 52 2.45 
2.35 0.43 0.63 0.32 58 436 27 10 47 2.84 
2.43 0.44 0.77 0.38 75 474 32 12 55 4.13 
2.48 0.43 0.61 0.31 57 338 25 10 53 2.65 
2.52 0.44 0.70 0.35 68 426 30 11 53 3.60 
2.59 0.44 0.66 0.33 55 314 28 10 50 3.10 
2.17 0.43 0.67 0.32 65 452 29 10 52 2.91 
2.33 0.43 0.71 0.36 63 389 26 10 48 2.36 
2.47 0.45 0.67 0.35 68 442 29 11 52 3.41 
2.54 0.44 0.73 0.34 67 373 27 11 53 2.50 
29.00b 
27.24 
26.95 
27.24 
29.24 
31.66 
27.78 
28.87 
27.77 
29.66 
29.62 
26.64 
29.42 
28.92 
27.63 
28.60 
29.27 
8.02 
7.41 
8.01 
7.14 
7.97 
8.27 
7.78 
8.04 
7.38 
7.84 
7.73 
7.10 
7.95 
7.69 
7.37 
7.68 
7.90 
27.66 
27.20 
29.72 
26.61 
27.26 
26.12 
28.00 
27.85 
26.65 
26.43 
26.10 
26.65 
27.02 
26.59 
26.67 
26.85 
26.99 
~umbers represent the mean percent or parts per million mineral content per treatment in foliage harvested on June 9, 
August 6, and October 15, 1965. 
b Numbers represent the means of 6 replications on 3 harvest dates. 
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Table 4. Mineral content of bentgrass foliage 
Mineral content % Mineral content PPM Corres2onding foliar weights 
Treatment Date Kt p Cat !:!at Mn Fet Bt Cu Zn Mot Fresh wt. D!:I wt. % D!J: wt. 
Aqua-Gro .June 9 2.59a 0.42 0.43 0.25 79 153 41 12 48 1.88 44.78 11.20 25.00 
Aqua-Gro Aug. 6 2.39 0.48 0.61 0.36 47 203 33 11 54 2. 71 30.90 8.48 27.52 
Aqua-Gro Oct. 15 1.90 0.38 0.81 0.36 55 748 16 9 57 4.02 10.02 3.25 32.42 
All-Wet .June 9 2.57 0.44 0.45 0.26 85 169 39 12 47 2.08 46.11 11.58 25.11 
All-Wet Aug. 6 2.39 0.49 0.64 0.37 59 237 35 11 53 2.30 31.81 9.51 28.84 
All-Wet Oct. 15 1.95 0.38 0.75 0.32 59 728 14 9 54 3.23 10.25 3.30 32.22 
Pro-Green .June 9 2.56 0.45 0.42 0.24 75 164 38 11 45 2.29 44.33 11.13 25.01 
Pro-Green Aug. 6 2.62 0.48 0.69 0.39 55 262 33 12 56 3.12 31.42 8.26 26.34 
Pro-Green Oct. 15 2.08 0.38 0.92 0.39 64 831 14 9 54 4.52 9.52 3.15 33.16 
Solar 25 .June 9 2.76 0.45 0.44 0.25 73 146 37 11 44 1.95 44.30 11.12 25.12 
Solar 25 Aug. 6 2.37 0.50 0.69 0.39 55 238 32 11 55 2.36 32.18 8.79 27.30 
Solar 25 Oct. 15 2.05 0.36 0.91 0.38 60 813 15 9 52 4.53 9.44 3.12 33.15 
Control .June 9 2.89 0.45 0.45 0.24 84 160 39 12 47 2.31 44.18 10.97 24.81 
Control Aug. 6 2.60 0.48 0.75 0.41 55 205 30 12 56 2.59 31.58 8.87 28.11 
Control Oct. 15 2.13 0.38 0.98 0.38 61 754 13 10 56 2.59 12.03 3.87 32.25 
~umbers represent the mean percent or parts per million mineral content for all levels of one surfactant on each 
of three harvest dates during the 1965 growing season. 
t Represents either an ascending or decending trend in mineral content during the growing aeason. 
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Table 5. Analysis of variance for fresh weight foliar yields taken from 
Agrostis Ealustris (Seaside Creeping Bentgrass) 
Source of variation d f s s M S F value 
Surfactant& 3 97.727 32.576 1.048 ·~ Levels of surfactants 3 122.459 40.820 1.313 
Surfactant& X levels 9 257.506 28.612 0.920 
Treatment X control 1 0.1~0 0.180 0.006 
1 Error (a) 17 528.605 31.094 Harvests 4 168,350.570 42,087.000 2,396.072** 
Surfactants X harvests 12 203.554 16.962 0.966 
Levels X harvests 12 295.782 24.648 1.403 
Error (b) 68 1,194.450 17.565 
**Denotes significant differences at 1 percent level. 
Table 6. Analysis of variance for dry weight foliar yields taken from 
Agrostis Ealustris (Seaside Creeping Bentgrass 
Source of variation d f s s M S F .value 
Surfactants 3 3.031 1.010 0.573 
Levels of surfactants 3 8.601 2.867 1.637 
Surfactant& X levels 9 22.507 2.501 1.419 
Treatments X control 1 o. 713 o. 713 0.405 
Error (a) 17 28.960 1.762 
Harvests 4 6,903.420 1,725.855 1,748.587** 
Surfactant& X harvests 12 10.325 0.860 0.871 
Levels X harvests 12 14.056 1.171 1.186 
Error (b) 68 67.115 0.987 
**Denotes significant differences at 1 percent level. 
Mineral Content of Foliage 
Three of the five harvests were selected to be analyzed chemically; 
June 9, August 6, and October 15 (Table 3). These were chosen because of 
their spacing during the growing season and uniformity in number of days 
of foliar growth prior to harvest. An analysis of variance was performed 
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Table 7. Analysis of variance for fresh weight foliar yields taken from 
Agrostis tenuis (Astoria Colonial Bentgrass) 
Source of variation d f 
Surfactant& 3 
Levels of surfactant& 3 
Surfactant& X levels 9 
Treatment X control 1 
Error (a) 17 
Harvests 4 
Surfactant& X harvests 12 
Levels X harvests 12 
Error (b) 68 
s s 
637.425 
197.121 
2,061.621 
35.444 
1,842.969 
100,511.060 
413.637 
371.865 . 
2,108.080 
M S 
212.474 
65.707 
229.069 
35.444 
108.410 
25,127.765 
34.470 
30.988 
31.001 
**Denotes significant differences at 1 percent level. 
Table 8. Analysis of variance for dry weight foliar yields 
Agrostts tenuis (Astoria Colonial Bentgrass) 
Source of variation d f . s s M S 
Surfactants 3 56.280 18.760 
Levels of surfactants 3 9.002 3.000 
Surfactant& X levels 9 112.235 12.470 
Treatment X control 1 1.363 1.363 
Error (a) 17 145.117 8.536 
Harvests 4 4,235.758 1,058.940 
Surfactant& X harvests 12 26.490 . 2.207 
Levels X harvests 12 19.944 1.662 
Error (b) 68 130.253 1.915 
**Denotes significant differences at 1 percent level. 
F value 
1.960 
0.607 
2.113 
0.327 
810.547** 
1.112 
1.000 
taken from 
F value 
2.198 
0.351 
1.461 
0.160 
522.971** 
1.152 
0.868 
on each of 10 Chemical elements present (Table 13). There was no 
statistically significant difference between surfactant& or levels of 
surfactants. There was, however, a significant difference between 
surfactant& X levels for potassiuA, calcium, magnesium, and zinc. There 
was a highly significant difference between harvests for all elements. 
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Table 9. Analysis of variance for fresh weight foliar yields taken from 
!Brost is ealustris (Penneross Creeping Bentgrass) 
Source of variation d f s s M S F value 
Surfactant& 3 188.269 62.756 0.581 
Levels of surfactant 3 425.576 141.859 1.312 
Surfactants X levels 9 835.123 92.791 o.a58 
Treatment X control 1 65.472 65.472 0.606 
Error (a) 17 1,837.6M 108.095 
Harvests 4 173,138.120 43,285.530 549.784** 
Surfactants X harvests 12 490.670 40.889 0.519 
Levels X harvests 12 884.766 73.730 0.939 
Error (b) 68 5,340.810 . 78.541 
**Denotes significant differences at 1 percent level. 
Table 10. Analysis of variance for dry weight foliar yields taken from 
Azrostis ealustris (Penncross Creeping Bentgrass) 
Source of variation d f s s M S F value 
Surfactant& 3 5.750 1.917 0.442 
Levels of surfactant 3 15.452 5.151 1.187 
Surfactant& X levels 9 33.517 3.724 0.858 
Treatment X control 1 2.249 2.249 0.518 
Error (a) 17 73.773 4.340 
Harvests 4 7,625.607 1,906.402 616.959** 
Surfactant& X harvests 12 22.229 1.852 0.599 
Levels X harvests 12 33.415 2.785 0.901 
Error (b) 68 210.113 3.090 
**Denotes significant differences at 1 percent level. 
Potassium, phosphorus, manganese, boron, and copper decreased in 
concentration in the foliage during the growing season while calcium, 
magnesium, iron, zinc, and molybdenum increased. Fresh and dry weight 
foliar yields decreased during the growing season, while percent dry 
weight increased (Table 4). This change in mineral concentration seems 
independent of any treatments. 
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Table 11. Analysis of variance for fresh weight foliar yields of three 
bentgrass varieties, all grasses pooled 
Source of variation d f s s M S F value 
Grass 2 13,761.919 6,880.960 20.794** 
Error (a) 3 992.717 330.905 -
~ 
Surfactants 3 290.490 96.830 1.173 
Grasses X surfactant& 6 632.930 105.488 1.278 
Levels of surfactant 3 389.448 129.816 1.573 
Grasses X levels 6 355.707 59.285 o. 718 
Surfactant& X levels 9 1,011.801 112.422 1.362 
Grasses X surfactant& X 18 2,142.448 119.025 1.442 
levels 
Error (b) 51 4,209.108 82.533 
Harvests 4 41,380.615 10,342.530 219.941** 
Grasses X harvests 8 28,193.594 3,524.199 74.926** 
Surfactant& X harvests 12 351.276 29.273 0.622 
Levels X harvests 12 677.969 56.497 1.201 
Grasses X surfactants X 24 756.583 31.524 0.670 
harvests 
Grasses X levels X 24 874.445 36.435 o.775 
harvests 
Grasses X surfactant& X 72 3,394.784 47.150 1.002 
levels X harvests 
Error (e) 252 11,853.070 47.036 
**Denotes significant differences at 1 percent level. 
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Table 12. Analysis of variance for dry weight foliar yields of three 
bentgrass varieties • all grasses pooled 
Source of variation 
Grass 
Error (a) 
Surfactant& 
Grasses X surfaetants 
Levels of surfactant 
Grasses X levels 
d f 
2 
3 
3 
6 
3 
6 
Surfaetants X levels 9 
Grasses X surfaetants X 18 
levels 
Error (b) 51 
Harvests 4 
Grasses X harvests 8 
Surfaetants X harvests 12 
Levels X harvests 12 
Grasses X surfactant& X 24 
harvests 
Grasses X levels X 
harvests 
24 
Grasses X surfactant& X 72 
levels X harvests 
Error (e) 252 
s s 
1,036.492 
62.861 
21.738 
43.324 
16,451 
16.705 
41.680 
126.580 
247.850 
1,767.343 
1,091.350 
11.960 
35.675 
47.084 
31.741 
129.479 
593.481 
M S 
518.264 
20.953 
7.246 
7.220 
5.450 
2.784 
4.631 
7.032 
4.860 
441.836 
136,419 
0,997 
2.973 
1,962 
1.323 
1.798 
2.355 
**Denotes significant differences at 1 percent level. 
F value 
24.734** 
1.491 
1.486 
1.121 
0.573 
0.953 
1.447 
187.616** 
57.927** 
0.423 
1.262 
0.833 
0,562 
0,763 
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Table 13. Analysis of variance for mineral content of bentgrass foliage. 
each element tested separately 
Source of variation 
Potassium (K) 
Surfactants 
Levels of surfactant& 
Error (a) 
Surfactant& X levels 
Harvests 
Surfactant& X harvests 
Levels X harvests 
Error (b) 
Phosphorus (P) 
Surfactant& 
Levels of surfactant 
Error (a) 
Surfactant& X levels 
Harvests 
Surfactant& X harvests 
Levels X harvests 
Error (b) 
Calcium (Ca) 
Surfactant& 
Levels of surfactants 
Error (a) 
Surfactant& X levels 
Harvests 
Surfactant& X harvests 
Levels X harvests 
Error (b) 
d f 
3 
3 
1 
9 
2 
6 
6 
20 
3 
3 
1 
9 
2 
6 
6 
20 
3 
3 
1 
9 
2 
6 
6 
20 
s s 
o.000164862a 
o.oool5981'o 
0.000107899 
0.000531419 
0.003743707 
0.000218459 
0.000137427 
0.000367418 
0.000006868a 
0.000001250 
0.000000315 
0.000027197 
0.000586061 
0.000026249 
0.000006404 
0.000051741 
o.000182096a 
0.000004939 
0.000061080 
0.000320822 
0.005617222 
0.000187521 
0.000102090 
0.000248580 
M S 
0.000054954 
0.000053270 
0.000107899 
0.000059047 
0.001871854 
0.000036410 
0.000022904 
0.000020412 
0.000002289 
0.000000417 
0.000000315 
0.000003022 
0.000293031 
0.000004375 
0.000001067 
0.000002874 
0.000060699 
0.000001646 
0.000061080 
0.000035647 
0,002808611 
0.000031253 
0.000017015 
0.000013810 
~epresents data transformed for analysis by Sin-l IX. 
*Denotes significant differences at 5 percent level. 
**Denotes significant differences at 1 percent level. 
F value 
0.509 
0.494 
2.893* 
91.704** 
1.784 
1.122 
7.260 
1'.324 
1.051 
101.959** 
1.522 
0'.370 
0.994 
0.027 
2.581* 
203.375** 
2.263 
1.232 
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Table 13 (Continued) 
Sgurce of variation d f s s M S F value 
Magnesium (Mg) 
Surfactants 3 o.ooo037505a 0.000012502 3.373 
Levels of surfactant& 3 0.000001341 0,000000447 0.123 
Error (a) 1 0,000003709 0,000003707 
Surfactant& X levels 9 0.000219353 0.000024373 2.409* 
Harvests 2 0,001241492 0,000620746 61.363** 
Surfactants X harvests 6 0.000081981 0,000013663 1,351 
Levels X harvests 6 0.000062123 0,000010354 1.024 
Error (b) 20 0.000182095 0.000010116 
Manganese (Mn) 
Surfactants 3 370.08340 123.36113 4.992 
Levels of surfactant& 3 537.41662 179.13887 7.249 
Error (a) 1 24.71062 24.71062 
Surfactant& X levels 9 885. 08316 98.34257 1.207 
Harvests 2 4,794.04080 2,487.02040 30.514** 
Surfactant& X harvests 6 475.79156 79.29859 0.973 
Error (b) 20 1,467.08640 81.50480 
Iron (Fe) 
Surfactant& 3 18,476.562 6,158.854 6.748 
Levels of surfactant& 3 8,135.730 2,711.910 2.619 
Error (a) 1 912.698 912.698 
Surfactant& X levels 9 169,574.670 18,841.630 1.525 
Harvests 2 3,678,511.000 1,839,255.500 148.867** 
Surfactant& X harvests 6 19,358.489 3,226.415 0.261 
Levels X harvests 6 50,115.828 8,352.638 0.676 
Error (b) 20 222,390.800 12,355,044 
Boron (B) 
Surfactant& 3 33.062545 11,020848 1.599 
Levels of surfactants 3 31.062502 10.354167 1.502 
Error (a) 1 6.893353 6.893353 
Surfactant& X levels 9 201.687450 22.409716 1.829 
Harvests 2 5,089.165900 2,549.082900 108.534** 
Surfaetants X harvests 6 29.499994 4.916665 0.401 
Levels X harvests 6 138.499960 23.083326 1,884 
Error (b) 20 220.510900 12.250605 
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Table 13 (Continued) 
Source of variation d f s s MS F value 
Copper (Cu) 
Surfactant& 3 3. 729172 1.243057 0.603 
Levels of surfactant& 3 4.062498 1.354166 0.657 
Error (a) 1 2.060054~ 2.060054 
Surfactant& X levels 9 13.520821 1.502313 0.982 
Harvests 2 57.041659 28.520829 18.639** 
Surfactants X harvests 6 2.958333 0.493055 0.322 
Levels X harvests 6 19.124996 3.187499 2.083 
Error (b) 20 27.542300 1.530135 
Zinc (Zn) 
Surfactants 3 33.229092 11.076346 1.898 
Levels of surfactants 3 36.895824 12.298608 2.108 
Error (a) 1 5.834574 5.834574 
Surfactant& X levels 9 403.020750 44.780083 4.379** 
Harvests 2 759.874920 379.937460 37.125** 
Surfactants X harvests 6 50.958328 8.493054 0.830 
Levels X harvests 6 113.791640 18.965273 1.854 
Error (b) 20 184.079600 10.226644 
Molybdenum (Mo) 
Surfactants 3 3.061273 1.020424 1.919 
Levels of surfactants 3 0.442639 0.147546 0.277 
Error (a) 1 0.531727 0.531727 
Surfactant& X levels 9 10.709966 1.189996 1.202 
Harvests 2 34.495982 17.247991 17.419** 
Surfactant& X harvests 6 3.144945 0.524157 0.529 
Levels X harvests 6 4.139478 0.689913 0.697 
Error (b) 20 17.823287 0.990183 
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PART II. GREENHOUSE STUDY 
40 
PURPOSE OF STUDY 
Since no stimulation or suppression of growth was measured or 
observed in the field, an additional experiment was conducted in the 
greenhouse. The objectives of this experiment were to determine the 
effect of different surfactant& and levels of surfactant& (reduced 
surface tension) on the growth of turfgrass grown in solution culture. 
Levels used were below, including, and above the manufacturers recom-
mendation. Levels were determined by the activity of the surfactant 
(ability to reduce the surface tension of an aqueous solution). 
41 
MATERIALS AND METHODS 
Solution Culture Set-up 
The experiment was performed using a solution culture technique for 
growing turfgrass (Figure 5). This method was selected in order that 
the treatment levels under study, varying surface tensions of the solution, 
could be controlled. This was used to supplement the field study which 
could not be controlled as precisely because of environmental conditions 
and interactions between ions present in the soil and soil colloidal 
particles . 
Each culture unit consisted of a glazed gallon crock of 6 1/2 inches 
inside diameter and 6 1/2 inches tall, filled with nutrient solution, and 
a plexiglass culture lid to hold the sod (Figure 6). The culture lid 
consisted of a 9 inch square top frame with 8 6 1/2 inch diameter hole in 
the center in which turf was produced (Figure 7). The bottom frame was 8 
inches in diameter and had thirty-seven equally spaced 3/4 inch holes 
through which roots grew. These two plexiglass frames were held together 
by screws which allowed a fiberglass screen and a glass wool seedbed to 
be placed between them. The top frame received a coating of aluminum 
paint to exclude light from the solution. This prevented growth of algae 
in the containers. The fully established turf produced 40 square inches 
of surface above the culture lid complex. 
The aeration system for the solution consisted of 8 small electric 
pump which supplied compressed air. The air was allowed to equalize in 
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Figure 5. Solution culture technique 
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: . .. AERATION SYSTEM -PUMP TO CULTURE • 
· A- PUMP C- CARBOY E- CLAMP G- POT 
: B- RUBBER TUBE D- T-TUBE F- CAPILLARY TUBE 
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. . .. .. B . 
. . . . . "' . 
Figure 6. A complete solution culture unit 
------- --~----------------, 
Figure 7. Components of culture lid 
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46 
pressure in a glass reservoir. This removed all pressure bursts from the 
pump before the air flows out through a central system of rubber tubing 
which branched off to each culture. The air was supplied to the cultures 
through a 0.5mm (inside diameter) capillary tube that was inserted into 
the nutrient solution through a hole in the top of the culture lid. 
Turf was established by seeding with Iowa grown common Kentucky 
bluegrass at a rate equivalent to 1 pound per 1000 square feet. This gave 
ten to twelve pure live seeds per square inch. The seedbed was covered 
with a 1/4 inch layer of granite chip to hold the emerging seedlings in 
place and to modify the micro climate (Figure 8). 
The culture lids were seeded December 30. 1964 and were established 
on a solution containing all of the essential elements at concentrations 
that are optimum for growth of turf (Table 14). The surface of the culture 
lids were moistened as needed during the germination period. The air 
pressure was adjusted to produce vigorous bubbling which helped keep the 
seedbed moist. The turf was grown on the standard solution for approxi-
mately four months (Figure 9). At that time the surface tension of the 
solution was lowered to the various treatment levels. 
Throughout the four month establishment period artificial lighting 
was used to increase the daylength and provide more optimum conditions 
for growth. The grass was clipped at 1 1/2 inches When it reached the 
height of 2 inches or more. Solutions were changed weekly and distilled 
water was added as needed to keep the solution level constant. The 
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Figure 8. Establishment of seedlings 
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Table 14. Concentrations of salts used in standard nutrient solution 
Salt Molarit;x 
Ca (N03)2 • 4H2o -3 2.60 X 10 
(Nn4>2 so4 1.05 X l0-3 
K2HPo4 • 3H2o 0.80 X 10-3 
Mg so4 • 7H2o 0. 79 X 10-3 
Fe2 (so4) 3 0.11 X 10-4 
u3 B03 0.90 X 10-5 
Mn so • 
4 H2o 0.45 X 
10-5 
Zn so4 • 7H2o 0.15 X 10-5 
cu so4 • sn2o 0.16 X 10-6 
(NH4) 6 Mo7o24 • 4H20 0.16 X 10-7 
temperature of the greenhouse in which the experiment was conducted was 
maintained at approximately 22 degrees Centigrade. 
Solution Composition 
Roberts1 found tnat nutrient solutions used in the culture of other 
plants produced turf of abnormal succulence and at too rapid a growth 
rate. The nutrient solution used was formulated from different salts 
that provided all the essential elements. These concentrations were 
altered to be slightly lower than those normally used in solution culture 
work for other horticultural and agronomic crops (Table 15). 
1 Roberts, Eliot c •• Ames, Iowa. Concentration of nutrient solution. 
Private communication. 1964. 
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Figure 9. Mature turf prior to treatments 
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Table 15. Concentration (parts per million) of elements in standard 
nutrient solution 
Element p.p.m. 
Nitrogen 102.00 
Potassium 63.00 
Phosphorus 25.00 
Calcium 104.00 
Magnesium 19.00 
Sulfur 61.00 
Iron 1.20 
Boron 0.10 
Manganese 0.25 
Zinc 0.10 
Copper 0.01 
Molybdenum o.o1 
Both ammonium nitrogen and nitrate nitrogen were included in the 
solution with the nitrate form being the predominant source. This nitrogen 
ballance produces better turf than can be obtained from either source 
alone. 
Phosphorus and potassium were supplied in the form of di-potassium 
phosphate which is frequently used in solution culture work because of its 
buffering capacity. 
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Surface Tensions 
Because of the variation in activity between aurfactants, it was 
necessary to teat a series of samples of a known quantity of distilled 
water and surfactant to obtain a standard curve. The samples were taken 
from the 17 liter containers used throughout the experiment for mixing 
and distribution of the solution. This technique was used to reduce the 
error involved in measuring small volumes, particularly with the very 
viscous materials. The surface tension of each sample was determined 
using a Cenco du Nuoy tensiometer at approximately 22• Centigrade, From 
the data obtained, standard curves were prepared and points were selected 
that would give the approximate surface tension desired (Figures 10, 11, 
12 and 13). 
Due to the extreme activity of some surfactant& at low concentrations, 
several determinations were made for each level of each surfactant near the 
desired point. The surface tensions were taken and the concentration 
nearest the desired point was selected for use in the experiment (+ or -
one dyne). 
In order to accurately measure the surfactants, it was necessary to 
determine the weight of a known volume of each material. From this, the 
weight per ml. was calculated and used in all succeeding dilutions. 
The type of curve obtained is substantiated by Schwartz and Perry 
(18), who state: when the surface tension of an aqueous solution is 
plotted as ordinate against concentration, the type of curve obtained 
depends on the nature of the solute. In the instance of surfactants, the 
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Figure 10. Activity curve of Aqua-Gro 
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Figure 12. Activity curve of Pro-Green 
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decrease is very sharp at low concentrations, then the curve levels off 
or "breaks" rather rapidly at a still relatively low concentration and 
continues to fall off slowly as the concentration increases. 
Treatments 
Treatments consisted of four non-ionic organic surfactant& applied 
at four concentrations (levels of surface tension) and a control. The 
surfactant& used were the same as in the field studys Aqua-Gro, All-Wet, 
Pro-Green, and Solar 25. From the surface tension curves, points were 
picked to give the desired surface tension. They were: 
1. Standard nutrient solution with distilled water, no surfactant 
added, surface tension 72.8 dynes. 
2. Standard nutrient solution with distilled water, surfactant 
added, surface tension 65.0 dynes. 
3. Standard nutrient solution with distilled water, surfactant 
added, surface tension 55.0 dynes. 
4. Standard nutrient solution with distilled water, surfactant 
added, surface tension 45.0 dynes. 
S. Standard nutrient solution with distilled water, surfactant 
added, surface tension 35.0 dynes. 
Treatments began April 15, 1965 and were maintained continuously 
until the final harvest from each culture on June 28, 1965. Solutions 
were changed weekly and distilled water was added between changes if 
additional water was needed. One problem encountered, was foaming 
·-···....,. 
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of the solutions containing the high concentration of surfactant. This 
was caused by the aeration system agitating the solution. Foaming 
accounted for considerable loss of water from some containers following 
solution changes. 
Methods of Observation 
The grass was clipped every week at a 1 1/2 inch height of cut. In 
order to provide accuracy in clipping, a guide was used. This consisted 
of a sheet metal ring mounted on legs that held the frame 1 1/2 inches 
above the top of the culture lid (Figure 14). Clippings were weighed 
fresh and then dried in a forced air oven at approximately 70° Centigrade, 
dry weights were then recorded. After the final harvest, roots and sod 
were clipped from the culture lids, dried and weighed. 
Statistical Design 
Fresh and dry weight foliar yields and chemical analysis of the 
foliage was analyzed statistically. Differences in results described in 
this paper were significant at the 5% level or higher. The "F" test as 
described by Snedecor {19) was used to determine which of the treatment 
effects were significant. The statistical design used in the experiment 
was a factorial with three replications. The model used in the analysis 
of the fresh and dry weight foliar yields was as follows: 
Y ·H =fiA -t- 0(~· -r;G'.,· -rY~:: + (ft)Jk -t ~Ajk -1- ~ + (~1--)_;.-t -+- (rr;)k.R + 
~., 
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Figure 14. Method of clipping cultures 
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Where: ex~ equals the replications 
f3~ equals the surfactants 
dK equals the levels of surfactant& 
((l~);,k equals the surfactant& X levels interaction 
:;;.k equals the associated error term (a) 
I) equals the harvests 
{t1j.Jl equals the surfactant& X harvests interaction 
{Ji)K). equals the levels X harvests interaction 
({f 'ir1';);k( equals the surfactant& X levels X harvests interaction 
~ .. ;kg_ equals the associated error (b) 
The model used in the chemical analysis was as followst 
Where: ct.· equals the replications 
f3J equals the surfactant& 
dl< equals the levels of surfactants 
((lJ)j/\ equals the surfactant& X levels interaction 
6 ;jK equals the error 
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RESULTS AND DISCUSSION 
Growth Response to Surfactants 
On April 15, all treatments were first applied. By May 2, yellowing 
of foliage was observed on cultures receiving the largest amount of 
surfactant (lowest surface tension). From that time until the experiment 
was discontinued on June 28, the treated cultures displayed an increasing 
amount of injury. As the temperature in the greenhouse increased, all 
yields were reduced somewhat, however, the foliar yields of the treated 
cultures declined more rapidly than did the controls (Tables 16 and 17). 
This is seen more clearly in the graphic presentation of the data (Figures 
15, 16, 17, 18, 19, 20, 21 and 22). 
Significant differences were found to exist between different 
surfactant& and treatments X control. Highly significant differences 
were found to exist between levels of surfactants, harvests, and levels 
X harvests (Tables 18 and 19). 
Of the surfactants, Solar 25 was least detrimental, and All-Wet was 
most detrimental. As pointed out by significance between treatments X 
control, the control cultures were consistantly superior to the treated 
cultures throughout the experiment, and displayed little injury due to 
adverse greenhouse temperatures present during June. 
The greatest differences were found to exist between levels of surface 
tension. As the surface tension of the solution was reduced, the foliar 
yield of the grass was reduced. Of the various levels of surface tension, 
\ 
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Table 16. Average fresh weights of clippings from bluegrass grown in 
solution culture. Clippings were taken each week 
Surfactant Level Aeru 19 Aern 26 Max 3 Max 10 Max 17 Max 24 
Aqua-Gro 1 7.27a 9.60 9.37 8.40 9.17 8.97 
Aqua-Gro 2 8.37 10.80 10.83 9.90 9.60 8.80 
Aqua-Gro 3 7.40 9.33 9.10 8.03 8.50 7.43 
Aqua-Gro 4 7.27 8.53 8.73 7.90 7.37 6.87 
All-Wet 1 7.93 10.23 9.77 8.67 9.17 7.76 
All-Wet 2 8.37 9.57 10.20 8.60 8.97 8.56 
All-Wet 3 7.27 8.43 7.43 6.67 7.00 6.26 
All-Wet 4 7.37 8.10 8.10 6.93 6.40 6.13 
Pro-Green 1 7.60 9. 77 9.53 9.63 9.60 9.27 
Pro-Green 2 7.43 9.63 8.77 7.97 7.17 8.87 
Pro-Green 3 7.60 9.47 8.73 8.53 7.27 7.23 
Pro-Green 4 7.37 9.09 8.40 6.87 6.77 5.90 
Solar 25 1 8.47 9.77 10.17 8.97 9.13 9.10 
Solar 25 2 7.40 9.52 9.00 8.13 8.27 8.37 
Solar 25 3 a. so 10.60 9.22 8.83 9.10 7.83 
Solar 25 4 8.oo 9.50 9.30 8.17 9.16 8.30 
Control 0 7.80 10.20 9.90 9.23 9.37 9.27 
May 31 June 7 June 14 June 21 June 28 
Aqua-Gro 1 5.50 7.83 6.27 6.60 4.86 
Aqua-Gro 2 5.10 7.27 4.73 6.30 4.53 
Aqua-Gro 3 4.73 6.50 5.37 5.40 4.10 
Aqua-Gro 4 3.80 5.47 3.86 4.77 3.83 
All-Wet 1 4.63 7.20 5.33 5.93 3.93 
All-Wet 2 5.50 7.30 5.70 6.16 4.40 
All-Wet 3 4.03 5.07 3.37 3.43 2.50 
All-Wet 4 3.30 3.73 2.30 2.63 2.07 
0 equals the zero level of surfactant (72.8 dynes). 
1 equals the low level of surfactant (65.0 dynes). 
2 equals the medium low level of surfactant (55.0 dynes). 
3 equals the medium high level of surfactant (45.0 dynes). 
4 equals the high level of surfactant (35.0 dynes). 
~epresents the mean of three replications. 
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Table 16 (Continued) 
Surfactant Level May 31 June 7 June 14 June 21 June 28 
Pro-Green 1 5.37 7.90 6.17 6.47 5.20 
Pro-Green 2 5.83 7.47 5.37 5.73 4.33 
Pro-Green 3 4.73 6.00 3.97 3.87 3.33 
Pro-Green · 4 3.43 4.73 3.27 3.80 3.63 
Solar 25 1 5.37 7.70 5.70 6.80 5.13 
Solar 25 2 5.43 7.10 5.70 6.23 4.57 
Solar 25 3 4.37 6.60 4.97 5.47 4.37 
Solar 25 4 5.53 7.00 4.73 6.13 4.53 
Control 0 5.92 8.23 6.55 7.65 5.78 
Table 17. Average dry weights of clippings from bluegrass grown in 
solution culture. Clippings were taken each week 
Surfactant Level Aeru 19 Aeru 26 May 3 Max 10 Max 17 Max 24 
Aqua-Gro 1 1.878 2.03 1.77 1.57 1.87 1.47 
Aqua-Gro 2 1.97 2.03 2.00 1.80 1.87 1.43 
Aqua-Gro 3 1.83 1.97 1.77 1.40 1.77 1.13 
Aqua-Gro 4 1. 77 1.83 1.53 1.43 1.50 1.13 
All-Wet 1 1.93 2.00 1.80 1.60 1.83 1.20 
All-Wet 2 1.96 1.90 1.77 1.60 1.80 1.43 
All-Wet 3 1.76 1.73 1.27 1.10 1.30 1.03 
All-Wet 4 1.83 1.70 1.43 1.23 1.43 1.00 
Pro-Green 1 1.93 2.00 1.87 1.77 1.77 1.63 
Pro-Green 2 1.80 1.95 1.50 1.37 1.40 1.53 
Pro-Green 3 1.93 2.03 1.67 1.57 1.60 1.20 
Pro-Green 4 1.93 1.90 1.53 1.27 1.40 1.30 
0 equals the zero level of surfactant (72.8 dynes). 
1 equals the low level of surfactant (65.0 dynes). 
2 equals the medium low level of surfactant (55.0 dynes). 
3 equals the medium high level of surfactant (45.0 dynes). 
4 equals the high level of surfactant (35.0 dynes). 
~epresenta the mean of three replications. 
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Table 17 (Continued) 
Surfactant Level April 19 April 26 May 3 May 10 May 17 May 24 
Solar 25 1 1.97 2.00 1.87 1.70 1.83 1.40 
Solar 25 2 1.87 1.90 1.67 1.53 1.63 1.40 
Solar 25 3 1.98 2.07 1.63 1.67 1.80 1.27 
Solar 25 4 1.93 1.93 1.60 1.57 1.83 1.30 
Control 0 1.90 2.05 1.85 1.75 1.80 1.62 
May 31 June 7 June 14 June 21 June 28 
Aqua-Gro 1 1.03 1.43 1.23 1.17 1.00 
Aqua-Gro 2 1.00 1.33 0.87 1.13 0.87 
Aqua-Gro 3 1.00 1.67 1.00 0.97 0.90 
Aqua-Gro 4 0.83 1.06 0.90 0.93 0.73 
All-Wet 1 1.03 1.40 1.23 1.11 0.83 
All-Wet 2 1.13 1.33 1.13 1.07 0.73 
All-Wet 3 0.93 0.97 1.33 0.61 0.43 
All-Wet 4 0.77 0.70 0.47 0.60 0.43 
Pro-Green 1 1.17 1.33 1.23 1.20 1.03 
Pro-Green 2 1.13 1.33 1.17 1.03 0.83 
Pro-Green 3 1.00 1.43 0.90 o.8o 0.67 
Pro-Green 4 0.83 o.8o 0.73 0.73 0.70 
Solar 25 1 1.10 1.33 1.13 1.27 1.00 
Solar 25 2 1.13 1.27 1.20 1.17 0.93 
Solar 25 3 0.93 1.17 1.10 1.10 0.87 
Solar 25 4 1.10 1.13 1.07 1.20 0.87 
Control 0 1.32 1.45 1.33 1.42 1.05 
the low level (65.0 dynes) was least detrimental and the high level (35.0 
dynes) was most detrimental. 
The significance between harvests is in accordance with the general 
supress1on of growth of plants in greenhouses as the temperature becomes 
very high during late spring and early summer. This temperature effect 
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Figure 15. Fresh weight foliar yields from solution cultures 
comparing four levels of Aqua-Gro with a control 
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Figure 16. Fresh weight foliar yields from solution cultures 
comparing four levels of All-Wet with a control 
II. 
3 
z.o 
0 
65 
------ C~CK 7ZB 0\'NES 
-- LDW !!5.0 DYNES 
~--- - ·- ·- ·- ·· M. L.OW 55.0DYNES I ......_ 
~,;-....,.. . ..._____ - - ·- ·- · M.HIGH 45.00\'NES h /'..:::_~, - - -- - HIGH 350 DYNES 
h . ...... . ---.-:-· ~- /\_ 
!J . '\ ',"-.. I ~~ /"" 
3 
"·· ' ·.:::. / "' '\ ", ¥ . - ~ /, /\ \ / 
4 
-..., \ ~ I. \ \ ..... ...--- '" '" \ ~- /' . \ '\'\ 
5 
WEEKS 
\ \ / \ \ ... - ·- ·'\.'\ 
\ \,,.-/ / ·. \ ·'\. 
\ / ' \ ' 
\ / "· ~---~ · / ' v ··,........,..... ::::: 
6 7 8 9 tO 
Figure 17. Fresh weight foliar yields from solution cultures 
comparing four levels of Pro-Green with a control 
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Figure 18. Fresh weight foliar yields from solution cultures 
comparing four levels of Solar 25 with a control 
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Figure 19. Fresh weight foliar yields from solution cultures 
comparing all surfactant& at the low treatment level 
(65 dynes) with a control 
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Figure 20. Fresh weight foliar yields from solution cultures 
comparing all surfactant& at the medium low treatment 
level (55 dynes) with a control 
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Figure 21. Fresh weight foliar yields from solution cultures 
comparing all surfactant& at the medium high treatment 
level (45 dynes) with a control 
------ CHECK 
--- AOUA-GRO 
- ·- · - ·- ALL-WET 
- .. - .. - .. _ PRO-GREEN 
- -· -- - SOLAR 25 
4 . 
30 
2.0 
0 2 3 4 6 7 8 9 10 
WEEK 
Figure 22. Fresh weight foliar yields from solution cultures 
comparing all surfactant& at the high treatment level 
(35 dynes) with a control 
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Table 18. Analysis of variance for fresh weight foliar yields taken from 
common Kentucky bluegrass grown in solution culture 
Source of variation d f s s M S F value 
Surfactants 3 74.284 24.761 3.222* 
Levels of surfactant& 3 216.224 72.075 9.380** 
Surfactant X level 9 74.647 8.294 1.079 
Treatments X control 1 51.242 51.242 6.669* 
Error (a) 32 245.881 7.684 
Harvests 10 1,816.082 181.608 269.848** 
Surf act ants X harvests 30 19.117 0.637 0.947 
Levels X harvests 30 39.137 1.305 1.939** 
Surfactant& X levels X harvests 90 53.379 0.593 0.881 
Treatments X control X harvests 10 11.482 1.148 1.760 
-
Error (b) 340 228.854 0.673 
,. 
*Denotes significant differences at 5 percent level. 
**Denotes significant differences at 1 percent level. 
combined with the various levels of surface tensi.on resulted in an even 
greater growth suppression. The higher the temperature, the greater 
effect the treatments had on suppressing foliar growth. 
Mineral Content of Foliage 
Foliage from the various treatments was ground and analyzed in the 
same manner as the foliage from the field experiment. Only the data from 
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Table 19. Analysis of variance for dry weight foliar yields taken from 
common Kentucky bluegrass grown in solution culture 
Source of variation 
Surfactant& 
Levels of surfactant& 
Surfactant X level 
Treatments X control 
Error (a) 
Harvests 
Surfactant• X harvests 
Levels X harvests 
Surfactants X levels X harvests 
Treatments X control X harvests 
Error (b) 
d f 
3 
3 
9 
1 
32 
10 
30 
30 
90 
10 
340 
s s 
2.432 
6.455 
2.266 
1.994 
8.671 
76.121 
1.175 
1.479 
2.435 
0.466 
10.581 
M S 
0.811 
2.152 
0.252 
1.994 
0.271 
7.612 
0.039 
0.049 
0.027 
0.047 
0.031 
*Denotes significant differences at 5 percent level. 
**Denotes significant differences at 1 percent level. 
F value 
2.993* 
7.941** 
0.930 
7.358* 
244.759** 
1.254 
1.585* 
0.868 
1.498 
the ten essential elements (Tables 20 and 21) was subjected to statistical 
analysis since the remaining non-essential elements showed no trends or 
abnormal concentrations. 
Significantly different concentrations of elements present were found 
to exist between different surfactant& for potassium, between levels of 
surfactant• for potassium, phosphorus, manganese, copper, and zinc, and 
between treatment X control for phosphorus (Table 22). Of the five elements 
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Table 20. Percent mineral content of the foliage of bluegrass grown in 
solution culture 
Treatment Level K p Ca Ms 
Aqua-Gro 1 3.187a 0.820 0.903 0.373 
Aqua-Gro 2 3.180 0.800 0.760 0.365 
Aqua-Gro 3 3.200 0.883 0.917 0.393 
Aqua-Gro 4 3.077 0.873 0.733 0.337 
All-Wet 1 3.242 0.783 0.937 0.383 
All-Wet 2 3.207 0.863 0.813 0.380 
All-Wet 3 3.057 0.860 0.877 0.410 
All-Wet 4 3.093 0.903 0.887 0.403 
Pro-Green 1 3.300 0.810 0.917 0.387 
Pro-Green 2 3.240 0.860 0.903 0.403 
Pro-Green 3 2.833 0.900 0.957 0.457 
Pro-Green 4 2.860 0.877 0.863 0.393 
Solar 25 1 3.327 0.803 0.933 0.370 
Solar 25 2 3.250 0.820 0.920 0.403 
Solar 25 3 3.327 0.847 0.917 0.403 
Solar 25 4 3.247 0.860 0.830 0.393 
Control 0 3.316 0.778 0.880 0.364 
0 equals the zero level of surfactant (72.8 dynes). 
1 equals the low level of surfactant (65.0 dynes). 
2 equals the medium low level of surfactant (55.0 dynes). 
3 equals the medium high level of surfactant (45.0 
dynes). 
4 equals the high level of surfactant (35.0 dynes). 
~epresents the mean of three replications. 
significantly different between levels of surfactant&, not all of them 
followed the same trend. Phosphorus, copper, and zinc increased in the 
foliage, while potassium and manganese decreased. Copper and zinc 
appeared abnormally high and showed a pronounced trend to increase with 
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Tab le 21. P P M mineral content of the foli age of bluegr as s grown in 
solution 
Treatment Level Mn Fe B Cu Zn Mo 
Aqua-Gro 1 81.7a 79.3 18.0 11.6 98.0 0.780 
Aqua-Gro 2 83.7 14.3 14.3 11.3 101.7 0.490 
Aqua-Gro 3 81.3 86.0 18.3 14.3 116.7 0.783 
Aqua-Gro 4 58.3 63.3 14.3 15.0 121.3 0,387 
All-Wet 1 73.3 71.3 17.6 u.o 137.3 0.540 
All-Wet 2 78.0 76.0 17.3 13,0 111.0 0.840 
All-Wet 3 83.,3 70.0 18.0 14.7 124.7 0 .. 527 
All-Wet 4 60.3 68,0 17.6 16.0 163.0 0.687 
Pro-Green 1 87.7 96.3 17.7 12.0 100.3 0.833 
Pro-Green 2 80.0 82.3 19.0 13.7 107.3 0.783 
Pro-Green 3 90.0 94.7 19.3 14.7 113.3 1.140 
Pro-Green 4 62.7 60.0 16.3 14.3 135.7 0.647 
Solar 25 1 84.7 77.7 17.7 12.0 105.7 0,527 
Solar 25 2 85.3 78.0 18.0 12.3 124.3 0.623 
Solar 25 3 87.0 79.7 19.7 13.0 103.0 0.987 
Solar 25 4 83.0 90.3 16.3 15.0 136.3 o.8oo 
Control 0 72.2 90.6 16.4 ll.4 101.6 0,608 
0 equals the zero level of surfactant (72.8 dynes), 
1 equals the low level of surfactant (65,0 dynes). 
2 equals the medium low level of surfactant (55.0 dynes). 
3 equals the medium high level of surfactant (45.0 dynes). 
4 equals the high level of surfactant (35,0 dynes). 
~epresents the mean of three replications. 
the addition of more surfactant (reduction of surface tension) (Figures 23 
and 24). 
Since the greatest and most frequent significant difference in mineral 
content was between levels of surfactants, the question arose as to the 
possibility of the surfactant supplying some of these chemical elements 
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Table 22. Analysis of variance for mineral content of bluegrass foliage, 
each element tested separately 
Source of variation d f s s M S F value 
Potassium (K) 
Surfactants 3 o.0002695la 0.00008984 3.263* 
Levels of surfactant& 3 0.00026259 0.00008753 3.179* 
Surfactants X levels 9 0.00030312 0.00003368 1.223 
Treatments X control 1 0.00004291 0.00004291 1.559 
Error 32 0.00088092 0.00002753 
Phosphorus (P) 
Surfactant& 3 o.00001580a 0.00000526 0.586 
Levels of surfactants 3 0.00012671 0.00004224 4.709** 
Surfactant& X levels 9 0.00003943 0.00000438 0.488 
Treatments X control 1 0.00004750 0.00004750 5.295* 
Error 32 0.00028697 0.00000897 
Calcium (Ca) 
Surfactant& 3 o.00015315a 0.00005105 1.541 
Levels of surfactant& 3 0.00021460 0.00007154 2.159 
Surfactants X levels 9 0.00015695 0.00001744 0.526 
Treatments X control 1 0.00000010 0.00000010 0.030 
Error 32 0.00106019 0.00003313 
Magnesium (Mg) 
Surfactant& 3 o.00007960a 0.00002653 2.252 
Levels of surfactant& 3 0.00006827 0.00002276 1.932 
Surfactants X levels 9 0.00005212 0.00000579 0.492 
Treatments X control 1 0.00001266 0.00001266 1.075 
Error 32 0.00037690 0.00001178 
~epresents data transformed for analysis by Sin-1 IX. 
*Denotes significant differences at 5 percent level. 
**Denotes significant differences at 1 percent level. 
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Table 22 (Continued) 
Source of variation d f s s M S F value 
Manganese (Mn) 
Surfactant& 3 1,156.5881 385.5883 2.275 
Levels of surfactants 3 2,543.4165 847.8055 5.002** 
Surfactant& X levels 9 824.4166 91.6018 0.541 
Treatments X control 1 30.5941 30.5941 0.180 
Error 32 5,423.4468 169.4827 
Iron (Fe) 
Surfactant& 3 1,000.7499 333.5833 1.078 
Levels of surfactant& 3 1,096.4166 365.4722 1.181 
Surfactant& X levels 9 2,800.0831 311.1203 1.005 
Treatments X control 1 438.2390 438.2390 1.416 
Error 32 9,905.1331 309.5354 
Boron (B) 
Surfactant• 3 25.2292 8.4097 1.200 
Levels of surfactant& 3 44.7292 14.9097 2.228 
Surfactant• X levels 9 34.0208 3.7801 0.540 
Treatments X control 1 0.6482 0.6482 0.093 
Error 32 224.1997 7.0062 -
Copper (Cu) 
Surfactant& 3 3.1667 1.0556 0.319 
Levels of surfactant& 3 78.5000 26.1667 7.910** 
Surfactant& X levels 9 ' 18.6667 2.0741 0.627 
Treatments X control 1 12.2548 12.2548 3.407 
Error 32 105.8837 3.3089 
Zinc (Zn) 
Surfactant& 3 4,142.8330 1,390.9443 2.557 
Levels of surfactant& 3 6,782.8328 2,260.9442 4.186* 
Surfactant& X levels 9 3,192.6660 354.7407 0.657 
Treatments X control 1 1,418.8412 1,418.8412 2.637 
Error 32 17,281.2330 540.0385 
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Table 22 (Continued) 
Source of variation d f s s M S F value 
Molybdenum (Mo) 
Surfaetants 3 4,106.1664 1,368.7221 1.184 
Levels of surfaetants 3 3,709.8330 1,236.6110 1.070 
Surfaetants X levels 9 9,536.9982 1,058.6664 0.916 
Treatments X control 1 368.0170 268.0170 0.318 
Error 32 36,999.8470 1,156.2452 
directly. A 5 gram sample of each surfactant was submitted for chemical 
analysis using the same method as was used on the grass foliage. The 
analysis revealed no measurable amount of any of the 16 chemical elements. 
From this, it would appear that the reduction in surface tension of the 
solution was directly altering the uptake of the various chemical elements 
present in the solution. The elements accumulated in the foliage may have 
been responsible for the reduction in foliar growth of the grass. 
pH of Solutions 
The pH of the solution was cheeked daily for a period of four weeks 
with a beckman single electrode pocket pH meter. The pH decreased with 
time, and varied with the surfactant, surfactant concentration, and 
temperature in the greenhouse (Figures 25, 26, 27, 28 1 29 1 301 31, 32 1 and 
33). The decrease in pH is attributed to differential uptake of cations 
and anions by the plants, and by carbon dioxide released by the roots to 
form carbonic acid. 
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Figure 23. Parts per million of copper in foliage of Kentucky 
bluegrass grown in solution culture 
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Figure 24. Parts per million of zinc in foliage of Kentucky 
bluegrass grown in solution culture 
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Figure 25. Comparison of pH of four levels of Aqua-Gro with a 
control. Composite of four weeks readings 
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Figure 26. Comparison of pH of four levels of All-Wet with a 
control. Composite of four weeks readings 
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Figure 27. Comparison of pH of four levels of Pro-Green with a 
control. Composite of four weeks readings 
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Figure 28. Comparison of pH of four levels of Solar 25 with a 
control. Composite of four weeks readings 
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Figure 29. Mean pH of all levels of Aqua-Cro, compared at four dates 
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Figure 30. Mean pH of all levels of All-Wet. compared at four dates 
79 
75 
3. 
2 3 4 
DAYS * 
MAY 6-13 
---- MAYI3-20 
5 
JUNED-17 
JUNE17-24 
6 
*CULTlftS CLIPPED 
7 
Figure 31. Mean pH of all levels of Pro-Green 1 compared at four dates 
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Figure 32. Mean pH of all levels of Solar 25 1 compared at four dates 
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Figure 33. Mean pH of all controls, compared at four dates 
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A pronounced change in the pH curve coincides with the clipping of 
the turf. The reason for the change is not clearly understood. If, 
however, the turf is not clipped between solution culture changes, the 
pH decreases at a gradual and constant rate. Clipping slows down the 
tendency for the solution to become more acid. This would indicate that 
the clipping of the turf either stimulates uptake of certain elements at 
a faster rate, alters the quantity and type of ion held at or near the 
root to be taken up by the plant, or changes the respiration rate of the 
roots. 
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PARr III. PLASTIC POTS 
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PURPOSE OF STUDY 
After no stimulation or suppression of growth was measured or 
observed in the field, yet in solution culture, definite injury and 
suppression of growth was apparent, an additional experiment involving 
soil was executed. Surfactant& and levels used were the same as in 
the field study. The frequency of application was increased to ap-
proximately once per week in order to "build up" the quantity of 
surfactant in the soil. 
The objective of the study was to determine if enough surfactant 
could be applied to soil and remain active enough to affect the growth 
of turfgrass in a manner similar to that observed in solution culture. 
Pots were allowed to dry out on three occasions to observe possible 
differential wilting of the grass. 
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METHODS AND MATERIALS 
Establishment 
Iowa grown common Kentucky bluegrass seed was planted in 3 inch by 
3 inch ·by 2 1/2 inch plastic pots containing 500 grams of an air dry soil 
mix (Figure 34). The soil was a SO-SO mixture of sand and sandy topsoil, 
with a physical analysis of 82% sand, 7% silt, and 11% clay. 
Treatments 
After the grass was allowed approximately 3 months to develop into 
a mature turf, treatments were begun. Treatment consisted of the four 
surfactants applied at five rates as used in the field experiment . Pots 
were watered at regular intervals, alternating surfactant and distilled 
water, each time bringing the soil up to approximate field capacity, but 
not allowing leaching to occur. Treatments began June 10, 1965 and ended 
October 4, 1965. For the duration of the experiment, 16 applications of 
surfactant& were made. This gave a total per pot equivalent of 0, 32, 64, 
120, and 512 ounces of surfactant per 1,000 square feet respectively for 
the 4 month period. 
Methods of Observation 
Grass was clipped at a 1 1/2 inch height as needed. Clippings were 
composited for the duration of the experiment, dried in a forced air oven 
at 10• Centigrade, and their weights recorded as an indicator of growth. 
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Figure 34. Bluegrass growing in plastic pots 
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In an attempt to disclose any beneficial or detrimental effect of 
the surfactant on the resistance of turfgrass to wilting. all pots were 
allowed to dry to the wilting point. after which all pots were returned 
to the regular watering schedule. Following two wilting periods. the 
pots were allowed to "go dormant" for four weeks. Under natural con-
ditions bluegrass is frequently subjected to a similar condition during 
late summer. At the end of this period all pots were watered to field 
capacity and maintained at a moisture level suitable for growth. After 
two weeks of regular watering with no growth response. the pots were all 
watered to approximate field capacity. Three of the six replicates were 
then selected at random to be leached with distilled water. The selected 
pots were placed intact over a funnel held by a ringstand and leached 
with 100 ml. of water. All pots were allowed to drain for one hour. The 
leachate was then filtered to remove any foreign particles which would 
interfere with surface tension measurements. 
Surface tension measurements were determined with a Cenco duNuoy 
tensiometer at approximately 30° Centigrade. This was to reveal if the 
surfactant& applied and accumulated in the pots were still present and in 
an active state capable of reducing the surface tension of the leachate. 
Statistical Design 
Six replications were used for each treatment. bringing the total 
number of pots in the experiment to 102. Each replication was placed in 
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a "greenhouse flat" which served as a block, The model used for analysis 
of the foliar weights and surface tension readings is as followst 
Y.· .;k =-.-A-{ + !'.· -t- r:· +- $. k '"(J'<;;);J '" E: -·J" 
Where ~ equals the blocks 
~ equals the surfactant& 
a( equals the levels of surfactants 
(J~k equals the surfactant X level interaction 
e:_.Jk equals the error 
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RESULTS AND DISCUSSION 
Surfactant& applied to bluegrass grown in plastic pots were neither 
beneficial nor detrimental (Figure 35). There were no significant values 
present in the analysis of variance of dry weight foliar yields (Table 23). 
The surfactant& were apparently ineffective in altering the growth of the 
grass even at an application rate approximately 30 times greater than 
recommended by the manufacturer. 
No visual difference was observed between treated and untreated pots 
in drouth resistance when allowed to wilt. None of the pots recovered 
from the "dormant" condition as was expected. This was apparently due to 
a lack of rhizome development by the plants. High greenhouse temperatures 
and the restriction of root development due to the volume of soil available 
in the pot may have prevented rhizome formation. 
Surface tension measurements of the leachate from the pots revealed 
no surfactant present (Table 24). This is shown more clearly in a 
graphic representation of the data (Figure 36). 
Injury was present when grass was grown in solution culture, yet did 
not occur either in the field or in the plastic pots. It is, therefore, 
apparent that the soil is modifying or chemically binding the surfactant 
and preventing it from affecting the growth of the grass or soil micro-
organisms are de-activating or decomposing the surfactant& since these 
materials are thought to be bio-degradeable. 
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Figure 35. Dry weight foliar yields of Kentucky bluegrass grown 
in plastic pots. Means of levels of all surfactant• 
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Figure 36. Surface tension of leachate from plastic pots. Means 
of levels of all surfactant• 
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Table 23. Analysis of variance for dry weight foliar yields taken from 
common Kentucky bluegrass grown in plastic pots 
Source of variation d f s s M S F value 
Blocks 5 · 0.54 0.108 1.65 -· . ¢~,~6r 
Surfaetants 3 0.34 0.113 1.74 7 ~· / / 
Levels of surfactant& /~ 4.'· 0.09 0.023 0.35 
;(4~1)-
9 0.25 0.028 0.43 Surfactants X levels -
Error 80 5.23 0.065 
Table 24. Analysis of variance for surface tensions of leachate from 
plastic pots 
Source of variation d f s s M S F value 
Blocks 2 70.3 35.15 2.45 
Surfactant& 3 41.3 13.77 0.96 
Levels of surfactant& 4 25.0 6.25 0.44 
Surfactant& X levels 9 182.2 20.24 1.41 
Error 32 458.2 14.32 
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DISCUSSION AND CONCLUSIONS 
Results of these experiments show that different surfactant& applied 
at various rates have no effect on the growth of turfgrass grown in soil. 
Quantitative measurements and visual observations were taken in the field 
throughout the growing season of 1965 and early spring of 1966 with no 
differences observed or measured at anytime. These were taken during 
conditions of excess water, lack of water, drying winds, and spring 
recovery. 
The grass grown in plastic pots used in the greenhouse gave similar 
results although the total quantity of surfactant applied was increased 
several times. They were allowed to dry to the wilting point on three 
occasions with no differences between treatments or controls observed. 
However, when turfgrass was grown in solution cultures where 
surfactant& were kept in constant contact with the root system, definite 
injury to the plants was observed. The larger the quantity of surfactant 
present in the solution, the greater the injury. Increased quantities of 
copper and zinc in the foliage may be related to the observed injury. 
Millar (llb) notes the average copper and zinc content of several monocots: 
(a) oat straw, 11 PPM copper and 83 PPM zinc; (b) wheat straw, 3 PPM 
copper and 17 PPM zinc; and (c) corn stover, 5 PPM copper and 27 PPM zinc. 
At the high level of surfactant, an average of 15 PPM copper and 140 PPM 
zinc were found in the bluegrass foliage. These elements are apparently 
more available to the plant in the presence of large quantities of 
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surfactants (low surface tensions). Toxic effects of these elements, 
particularly copper, are well documented in plant physiology and soils 
texts (10, 16). 
From our present data and knowledge of bow surfactant& and surface 
tension effect plant growth, one can only speculate as to the reason 
for the various changes in concentration of minerals. It seems doubtful 
that reduction in the surface tension of a solution would directly alter 
the uptake of elements. The elements are provided by chemicals known to 
ionize in solutions and should be equally available to plant roots 
regardless of the surface tension. The surfactant& may, however, be 
altering the permeability of the membranes to ions (2), either by 
directly modifying the epidermis or other cell layers, or by coating 
the roots and root hairs and causing a selective gradient to be es-
tablished due to the polarity of the surfactant molecules. The more 
active ions or those present in larger quantities might then be absorbed 
more readily. The surfactant& may also be altering the respiration or 
growth rate of the cells in the root tips. This could be affecting the 
accumulation of elements by the cells. 
Parr and Norman (14) found that potassium uptake by excised barley 
roots was repressed by Tween 20 and Tween 80 at concentrations of 0.01%. 
As non-ionic compounds they would presumably not be retained by 
absorption sites as would cationic or anionic surfactants. If these 
compounds do bring about changes in the volume of accessible free space, 
this does not result in enhancement of uptake. Rather does it seem that 
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there is an internal chemical effect inasmuch as the uptake rate is 
decreased with an increased surfactant concentration. 
Meyer and Anderson (lOa), state that the rate at which specific ions 
are absorbed by living cells appears to be influenced by the particular 
species of ions that are present in the culture solution. In this light, 
the surfactant& may either be attaching selectively to some elements in 
the solution or preventing some elements from coming in contact with the 
roots, therefore, altering the normal absorption. 
It bas been reported that copper has become toxic to plants after 
repeated use of copper containing fungicides (Bordeaux mixture) (16). 
Therefore, if the application of surfactant& to the soil reduces the 
surface tension of the soil solution in a manner similar to that observed 
in solution culture or it's presence modifies ion absorption, then it 
would seem feasible that copper toxicity on plants grown in areas where 
copper has been used in large quantities may present serious p~oblems. 
Such conditions could arise in golf greens. 
It is apparent that soil in some way modifies or chemically binds 
the surfactant quite rapidly. This prevents it from effecting the growth 
of the grass. Since these surfactants are thought to be bio-degradeable, 
it is possible that soil micro-organisms are de-activating or decomposing 
them at a rate rapid enough to prevent any measureable injury. 
In the plastic pots, apparently no surfactant was removed from the 
pots be leaching, even though a very large quantity was applied to the 
small volume of soil. This would indicate that perhaps the surfactant 
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is being bound in the soil by the clay or organic matter fractions and 
held against leaching. If the polar molecules of the surfactants are 
capable of bonding in some manner with other chemicals or charged 
particles in the soil, they could possibly be held in the surface 
fraction. This could account for their failure to produce a response 
in the growth of grass grown in soil. 
Our primary interest in these studies was to test the effect of 
surfactant& on the growth of turfgrasses. What benefit these chemicals 
may have on the infiltration of water into soil remains to be seen. 
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SUMMARY 
Four surfactants were applied to three bentgrass varieties maintained 
as a putting green in the field. At rates from 16 times below to 20 times 
above the manufacturers recommendation, no stimulation or reduction in 
growth was measured or observed. Treated plots were no more resistant to 
wilt or adverse environmental conditions than the controls. The 
surfactant& were neither beneficial nor detrimental to the grass. 
Turfgrass was grown in soil in plastic pots and treated with 
surfactant& at rates increased to 12-40 times above the manufacturers 
recommendation. Leaching from pots was prevented in order to control 
the quantity of surfactant present. After 4 months, no stimulation or 
injury resulted. 
However, when turfgrass was grown in solution culture where 
surfactant& were kept in constant contact with the root system, definite 
injury to the plants was observed. The larger the quantity of surfactant 
present in the solution, the greater the injury. As the surfactant 
concentration in the solution increased, the concentration of copper, 
zinc, and phosphorus in the foliage increased while potassium and calcium 
content decreased. The increased quantities of copper and zinc are 
suspected of being responsible for the injury. The exact role the 
surfactant plays in affecting plants grown in solution is a question of 
considerable discussion. 
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